. Both bigeye and yellowfin tunas ias gladius), a highly specialized heating system loachieve whole-body warming using vascular countercated in an extraocular muscle specifically warms the current heat exchange interposed between the swimeyes and brain up to 10؇C-15؇C above ambient water ming muscles and the gills. This leads to improvements temperatures [2, 5]. Although the function of neural in a range of temperature-sensitive physiological prowarming in fishes has been the subject of considerable cesses such as locomotion, digestion, metabolism, and speculation [1, 6, 7], the biological significance of this neural function [10]. For swordfishes it appears that no unusual ability has until now remained unknown. We other physiological processes other than neural function show here that warming the retina significantly imrequire warming in order to allow thermal niche expanproves temporal resolution, and hence the detection sion [4]. This has led to the development of a heating of rapid motion, in fast-swimming predatory fishes mechanism devoted exclusively to the eye and brain, a such as the swordfish. Depending on diving depth, mechanism fundamentally different to that found in the temporal resolution can be more than ten times greater tuna. The exceptional temperature sensitivity of the swordin these fishes than in fishes with eyes at the same fish retina described here might have driven the evolutemperature as the surrounding water. The enhanced tion of this unique adaptation, thus preventing a rapid temporal resolution allowed by heated eyes provides deterioration of temporal resolution with decreasing warm-blooded and highly visual oceanic predators, temperature as the swordfish descends. such as swordfishes, tunas, and sharks, with a crucial
temporal frequencies that are too high to be reliably mon plateau depth for swordfishes [1, 2, 15] , the FFF of a warmed retina is still seven times higher than that resolved [14] .
Despite the decrease in FFF due to decreasing light of an eye at ambient temperature. Only by 500 m, where light levels are close to starlight levels, are warm and levels with depth, we have found that the ability to maintain elevated eye temperatures clearly provides a net cool eyes equally fast with an FFF of 2 Hz ( Figure 3B ). Thus, at common daytime depths encountered by benefit for diving swordfishes by increasing temporal resolution. This becomes particularly obvious in parts swordfishes, their elevated retinal temperatures radically improve temporal resolution and, thereby, the deof the swordfish habitat where the water temperature rapidly declines in near surface water. In these areas, tection and pursuit of fast moving prey. During descents below 500 m in clear water, the advantage of warm eyes swordfishes can experience temperature declines (thermoclines) from 23ЊC to 10ЊC within the top 50 m of the is less obvious. For a swordfish swimming at 900 m [15] , where light levels are 15 orders of magnitude lower than water column [15] . Tracking studies have shown that in these conditions, swordfishes tend to remain in shalthose experienced on the sunlit surface [13] , a lower retinal temperature would be favored for minimizing thermal lower depths down to a few hundred meters and even spend some time on the surface during the day [1, 2, noise levels, thereby improving absolute light sensitivity [16] . However, there is no evidence that the swordfish 15]. If the animal did not maintain a warm retina, the drop in ambient temperature would lead to a dramatic deterioration of FFF, even at shallow and brightly lit depths ( Figure 3B ). In contrast, at 100 m, the swordfish retina is capable of maintaining an FFF twelve times higher than that attainable with a retina at ambient temperature, with a slow decrease in FFF due to decreasing light intensities as the fish descends. At 300 m, a com- 
